Abstract The National Institute for Health and Care Excellence (NICE) invited the manufacturer of azacitidine (Celgene) to submit evidence for the clinical and cost effectiveness of this drug for the treatment of acute myeloid leukaemia with more than 30 % bone marrow blasts in adults who are not eligible for haematopoietic stem cell transplantation, as part of the NICE's Single Technology Appraisal process. The Peninsula Technology Assessment
Abstract The National Institute for Health and Care Excellence (NICE) invited the manufacturer of azacitidine (Celgene) to submit evidence for the clinical and cost effectiveness of this drug for the treatment of acute myeloid leukaemia with more than 30 % bone marrow blasts in adults who are not eligible for haematopoietic stem cell transplantation, as part of the NICE's Single Technology Appraisal process. The Peninsula Technology Assessment Group was commissioned to act as the Evidence Review Group (ERG). The ERG produced a critical review of the evidence contained within the company's submission to NICE. The clinical effectiveness data used in the company's economic analysis were derived from a single randomised controlled trial, AZA-AML-001. It was an international, multicentre, controlled, phase III study with an open-label, parallel-group design conducted to determine the efficacy and safety of azacitidine against a conventional care regimen (CCR). The CCR was a composite comparator of acute myeloid leukaemia treatments currently available in the National Health Service: intensive chemotherapy followed by best supportive care (BSC) upon disease relapse or progression, non-intensive chemotherapy followed by BSC and BSC only. In AZA-AML-001, the primary endpoint was overall survival.
Azacitidine appeared to be superior to the CCR, with median overall survival of 10.4 and 6.5 months, respectively. However, in the intention-to-treat analysis, the survival advantage associated with azacitidine was not statistically significant. The company submitted a de novo economic evaluation based on a partitioned survival model with four health states: ''Remission'', ''Non-remission'', ''Relapse/Progressive disease'' and ''Death''. The model time horizon was 10 years. The perspective was the National Health Service and Personal Social Services.
Costs and health effects were discounted at the rate of 3.5 % per year. The base-case incremental cost-effectiveness ratio (ICER) of azacitidine compared with the CCR was £20,648 per quality-adjusted life-year (QALY) gained. In the probabilistic sensitivity analysis, the mean ICER was £17,423 per QALY. At the willingness-to-pay of £20,000, £30,000 and £50,000 per QALY, the probability of azacitidine being cost effective was 0.699, 0.908 and 0.996, respectively. The ERG identified a number of errors in Celgene's model and concluded that the results of the company's economic evaluation could not be considered robust. After amendments to Celgene's model, the base-case ICER was £273,308 per QALY gained. In the probabilistic sensitivity analysis, the mean ICER was £277,123 per QALY. At a willingness-to-pay of £100,000 per QALY, the probability of azacitidine being cost effective was less than 5 %. In all exploratory analyses conducted by the ERG, the ICER exceeded the NICE's cost-effectiveness threshold range of £20,000-30,000 per QALY. Given the evidence provided in the submission, azacitidine did not fulfil NICE's end-of-life criteria. After considering the analyses performed by the ERG and submissions from clinician and patient experts, the NICE Appraisal Committee did not recommend azacitidine for this indication.
Key Points
The cost-effectiveness analysis was based on clinical evidence derived from a single randomised control trial, AZA-AML-001. In the trial, the efficacy and safety of azacitidine were compared with a conventional care regimen (CCR) for the treatment of acute myeloid leukaemia (AML) in adults with more than 30 % bone marrow blasts who are not eligible for hematopoietic stem cell transplantation.
The CCR was a composite comparator of AML treatments available within the National Health Service in England and Wales. In the trial, azacitidine demonstrated a median overall survival benefit vs. the CCR (10.4 vs. 6.5 months). In the intention-to-treat analysis, improvement in overall survival was not statistically significant.
After reviewing the clinical-and cost-effectiveness evidence on azacitidine, this treatment appeared to represent poor value for money in England and Wales at a cost-effectiveness threshold of £30,000 per quality-adjusted life-year gained.
The National Institute for Health and Care Excellence Appraisal Committee did not recommend azacitidine within its licensed indication.
Introduction
For a health technology to be recommended for use within the National Health Service (NHS) in England and Wales, its clinical and cost effectiveness must be demonstrated. The National Institute for Health and Care Excellence (NICE), which is a part of the NHS and an independent organisation, is responsible for providing evidence-based guidance on promoting good health and preventing and treating ill health [1]. The NICE Single Technology Appraisal (STA) process is specifically designed to give recommendations, in the form of NICE guidance, on the use of a health technology, within a single indication, in the NHS [2] . The NICE Appraisal Committee makes a judgement on clinical and cost effectiveness of the technology, based on a pharmaceutical company's submission, a report from an Evidence Review Group (ERG). The ERG is an external academic organisation appointed by NICE to appraise the company's submission, and the views of organisations representing healthcare professionals, patients, carers and the government.
Within the STA process, the company provides NICE with a written submission and a mathematical model describing the clinical and cost effectiveness of the technology in question. The economic evidence, presented in the submission, shows the effectiveness of the treatment in relation to how much it costs the NHS. The ERG's role is to appraise the company's submission in consultation with clinical specialists, and prepare a report with additional analyses exploring alternative assumptions relevant to the clinical and cost effectiveness of the technology.
After consideration of all the relevant evidence, the Appraisal Committee formulates preliminary guidance, an Appraisal Consultation Document (ACD), recommending or not recommending the intervention. The stakeholders are invited to comment on the ACD and the submitted evidence. A subsequent ACD may be produced or a Final Appraisal Determination issued. The submission of a Patient Access Scheme by the company sponsoring the technology is possible to improve the cost effectiveness of the medicine and allow NICE to recommend treatment that would otherwise not have been found to be cost effective.
NICE invited the manufacturer of azacitidine (Celgene) to submit evidence for the clinical and cost effectiveness of this drug for the treatment of acute myeloid leukaemia (AML) with more than 30 % bone marrow blasts in adults who are not eligible for haematopoietic stem cell transplantation (HSCT), as part of the Institute's STA process. The Peninsula Technology Assessment Group was commissioned to act as the ERG. The ERG prepared a report to NICE, which gives a thorough critique of the submission by Celgene. This article presents a summary of the company's submission, a summary of the report prepared by the ERG and the NICE guidance. All the relevant appraisal documents are available on the NICE website [3] .
The Decision Problem
AML is a cancer of the bone marrow [4] . It affects myeloid blood cells that perform a number of important functions such as fighting bacterial infections, defending the body against parasites and preventing the spread of tissue damage. In AML, immature blood-forming cells accumulate in the bone marrow, blood and organs, and interfere with the production of normal blood cells. AML can arise de novo, owing to the progression of other diseases (e.g. myelodysplastic syndrome, MDS) or as a result of exposure to cytotoxic agents [5] . More than half (55 %) of new cases of AML are diagnosed in people aged 70 years and over [6] . In England, the annual incidence rate of AML in people aged 65 years and older is about 17/100,000 [7] . Although AML is a relatively rare disease, its incidence is expected to increase as the population ages.
Age and cytogenetics appear to be the most important prognostic factors. The 5-year survival for AML patients aged less than 65 years is 41.6 % and just 5.4 % in patients aged 65 years and older [8] . Cytogenetic status in AML patients is generally classified as being favourable, intermediate or poor, with survival differing markedly between these groups. In a recent study, median overall survival for patients aged over 60 years was 1.6 years for individuals in the favourable group, 0.9 years for individuals in the intermediate group and 0.5 years for individuals in the group with poor cytogenetics [9] . It has also been shown that AML secondary to MDS is associated with a worse prognosis [10] .
AML progresses rapidly and may lead to fatal infections, bleeding or organ infiltration within months if left untreated [5] . Treatment with curative intent requires an aggressive chemotherapy regimen. The first phase of the treatment, an induction therapy, targets leukaemic blasts, with the aim of attaining a complete remission. Once complete remission is achieved, consolidation therapy is usually given to prevent relapse and eradicate any residual or remaining leukaemic cells from the blood and bone marrow. HSCT offers the best means of preventing AML recurrence [11] . However, this procedure is associated with high treatment-related morbidity and mortality in older patients, and therefore not recommended.
In older patients, it is more difficult to achieve a remission, and relapse is more common. One reason is the high risk of toxicity during intensive chemotherapy treatment. Furthermore, patients in this age group often have other medical problems, such as central nervous system conditions and impaired kidney or liver function, and, as a result, may not be able to withstand the required doses of treatment. Therefore, intensive chemotherapy is restricted to patients with a favourable performance status, minimal organ dysfunction and without severe comorbid diseases. For other patients, treatment options currently available in the NHS consist of non-intensive chemotherapy or BSC only. A number of guidelines provide recommendations on the treatment of older patients with AML [12, 13] . However, there is no formal risk algorithm used in UK clinical practice to distinguish patients eligible for intensive vs. non-intensive approaches; treatment choices take into account the features of the disease, presence of comorbidities, performance status as well as patient's preference.
In 2011, NICE approved a cytostatic anticancer drug, azacitidine, for use in the NHS as a first-line treatment for adults who are not eligible for HSCT and have:
• intermediate-2 and high-risk MDS according to the International Prognostic Scoring System • chronic myelomonocytic leukaemia with 10-29 % marrow blasts without myeloproliferative disorder
• AML with a blast count of 20-30 % and multi-lineage dysplasia according to the World Health Organisation's classification (NICE TA218) [14] On 28 October, 2015, the European Medicines Agency granted marketing authorisation to extend the licensed indication for azacitidine to include AML patients aged C65 years with [30 % marrow blasts who are not eligible for HSCT. The objective of this technology appraisal was to evaluate the clinical and cost effectiveness of azacitidine according to its recent licenced indication. Comparators selected for this appraisal were: intensive chemotherapy (IC) with anthracycline in combination with cytarabine; non-intensive chemotherapy with low-dose cytarabine ara-c (LDAC); and BSC only including blood product replacement, antibiotics, antifungals and intermittent lowdose chemotherapy with hydroxycarbamide. The following measures of clinical effectiveness were considered relevant for this appraisal: overall survival (OS), progression-free survival (PFS), time to disease progression, response rates (including haematologic response and improvement), blood-transfusion independence, infections, treatmentemergent adverse events (TEAEs) and health-related quality of life (HRQoL). The scope developed by NICE specified that the economic analysis should follow the NICE reference case [15] .
3 The Evidence Review Group's Review
Clinical Evidence Provided by the Company
The clinical-effectiveness evidence in the company's submission was based on data from one randomised control trial, AZA-AML-001 (NCT01074047) [16] . It was an international, multicentre, controlled, phase III study with an openlabel, parallel-group design, which evaluated efficacy and safety of azacitidine vs. a conventional care regimen (CCR) in 488 patients aged C65 years with de novo or secondary AML with[30 % bone marrow blasts and an Eastern Cooperative Oncology Group Performance Status (ECOG PS) of 0-2 with adequate organ function, who are not eligible for HSCT. The CCR was a composite comparator consisting of IC followed by BSC upon disease relapse or progression, LDAC followed by BSC, and BSC only.
Before randomisation, an individual CCR (IC ? BSC, LDAC ? BSC or BSC only) was preselected for each patient on the basis of age, ECOG PS, comorbidities, and regional guidelines and/or institutional practice. Once the CCR had been chosen, a central, stratified and permuted block randomisation method, and interactive voice response system were used to randomly assign patients to receive azacitidine with BSC upon disease relapse or progression (n = 241) or the preselected CCR (n = 247; IC ? BSC = 44, LDAC ? BSC = 158, BSC only = 45). Following randomisation and treatment, follow-up appointments were scheduled once per week during the first two treatment cycles, and every other week thereafter. The frequency of safety and efficacy measures ranged from weekly to every 12 weeks, depending on the procedure. Drug administration and data collection protocols are outlined in Table 1 (Online Resource). The patients had a follow-up visit for the collection of adverse events up to 28 days after the last dose of the trial drug or up to the endof-study visit, whichever period was longer. After this visit, the patients were followed for survival on a monthly basis until death, lost to follow-up, withdrawal of consent or end of the study. The duration of the study was 31 months: a 19-month study enrolment period, followed by 12 months of treatment and observation.
In AZA-AML-001, the primary efficacy endpoint was overall survival. Secondary outcomes are shown in Table 2 (Online Resource). The median duration of follow-up was 24.5 months. During the trial, no crossover between any treatment groups was allowed. However, patients who stopped the study treatment could receive subsequent AML therapy during study follow-up. A total of 69 patients (28.6 %) in the azacitidine group and 75 patients (30.4 %) in the CCR group received subsequent therapy. The most common therapies received in the azacitidine and the CCR groups included a cytarabine-based regimen (16.6 and 11.3 %, respectively), azacitidine (4.6 and 13.0 %, respectively) and/or decitabine (0.8 % for each group) [16] . By the study end, there were 193 deaths (80.7 %) following treatment with azacitidine and 201 deaths (81.4 %) following the CCR treatment.
Azacitidine was superior to the CCR in prolonging patients' survival, with median OS of 10.4 months [95 % confidence interval (CI) 8.0-12.7] and 6.5 months (95 % CI 5.0-8.6), respectively. However, the intention-to-treat analysis showed that azacitidine was not statistically superior to the CCR [stratified hazard ratio (HR) 0.85; 95 % CI 0.69-1.03] [refer to Table 3 (Online Resource) for further details]. Celgene justified the failure of the primary endpoint by an imbalance in patients' baseline characteristics and prognostic factors, and the impact of subsequent therapies, which resulted in an underestimation of the true treatment effect of azacitidine vs. the CCR.
In a pre-specified analysis, censoring patients who received AML treatment after discontinuing the study drug, median OS with azacitidine vs. the CCR was 12.1 months (95 % CI 9.2-14.2) vs. 6.9 months (95 % CI 5.1-9.6) [16] . The Kaplan-Meier plot of time to death from any cause is shown in Fig. 1 , and a summary of OS is presented in Table 3 (Online Resource). Kaplan-Meier curves for eventfree survival (EFS), relapse-free survival (RFS) among those with a partial or complete response and PFS, for other patients, are shown in Fig. 1 (Online Resource). Median EFS was 6.7 months for the azacitidine arm and 4.8 months for the CCR arm (HR = 0.87; 95 % CI 0.72-1.05; p = 0.1495); median RFS was 9.3 and 10.5 months, respectively (HR = 1.11; 95 % CI 0.75-1.66; p = 0.5832). PFS was not reported in the trial and was estimated from other endpoints (for further details, refer to Fig. 1 , Online Resource). Measures of haematologic response, duration of remission and RFS were similar between treatment arms when the CCR was combined. However, when comparing azacitidine with the individual CCRs, IC appeared superior to azacitidine for these outcomes, although the study was not powered to detect such differences [3] .
Subgroup analyses for patients with poor cytogenetics and patients with MDS-related changes were included in the company's submission. Median OS for people with a baseline cytogenetic risk rated as poor was 6.4 months in the azacitidine group compared with 3.2 months in the CCR group (HR 0.68; 95 % CI 0.68-0.94, p = 0.0185); median OS for patients with MDS-related changes was 12.7 months and 6.3 months, respectively (HR 0.69; 95 % CI 0.48-0.98, p = 0.357).
According to the summary of product characteristics, azacitidine is most commonly associated with haematological reactions including thrombocytopenia, neutropenia and leucopenia (usually grades 3-4) and gastrointestinal events including nausea, vomiting (usually grades 1-2) or injection-site reactions. The company reported that in the trial azacitidine was generally well tolerated. When adjusted for time of exposure, the incidence rates of adverse events in the azacitidine group were lower when compared with the combined care regimen treatments. Grade 3 or 4 TEAEs, which occurred in C10 % of study participants in any treatment group, are presented in Table 4 (Online Resource).
The company used the European Organisation for Research Treatment of Cancer QLQ-C30 questionnaire to assess HRQoL [17] . The questionnaire was completed at baseline, on day 1 of every other cycle and at the end-ofstudy visit. Primary HRQoL endpoints reported include fatigue score, dyspnoea, physical functioning and global health status. Both regimens were associated with general improvements in HRQoL in these QLQ-C30 domains. Statistical analysis of the HRQoL data was not presented in the submission. For further details on HRQoL, refer to Appendix (Online Resource).
Adjustments of Overall Survival Estimates for Subsequent Therapy
To address the problem of confounding effects of subsequent active treatments on overall survival, the company performed survival adjustment using various statistical methods. One of them was the inverse-probability-of-censoring-weights (IPCW) method [18] , whereby data for switchers were censored at the point of switch while remaining observations were weighted by the inverse probability of not being censored. The company conducted two different analyses using the IPCW method: one with adjustment for subsequent treatment applied to both trial arms, azacitidine and the CCR, and the other with adjustment applied to the CCR arm only. The results of the latter analysis were adopted for the company's base case. Other methods, such as the Rank Preserving Structural Failure Time Model [19] and the Iterative Parameter Estimation [20] , were also employed. However, they were considered inferior to the IPCW.
Because the difference in overall survival between the arms in the AZA-AML-001 trial narrowed over time (Fig. 1a) , and statistically insignificant survival improvement offered by azacitidine was reversed when data were censored at the initiation of subsequent AML treatment (Fig. 1b) , Celgene undertook further analyses to adjust for the imbalance in the use of subsequent treatment and baseline covariates across the trial arms. Various methods were explored including Cox proportional hazards (PH) and IPCW Cox PH methods [3] . Methods of adjusting for subsequent treatment produced similar estimates of HRs of azacitidine vs. the CCR. For example, in the baseline covariate-unadjusted IPCW Cox PH method, the HR was 0.77 (95 % CI 0.61-0.98), and in the Cox PH unadjusted for baseline characteristics and censoring at switch to AML therapy, the HR was 0.75 (95 % CI 0.59-0.95). In contrast, HR estimates reported by the company relied on the assumption of constant proportional hazards, which was statistically tested for the Cox but not for the IPCW approaches. The company provided no reasons for the absence of tests of the proportional hazards assumption in the IPCW analyses.
Critique of the Clinical Evidence and Interpretation
A clinical effectiveness systematic review performed by the company did not miss any relevant evidence. The AZA-AML-001 trial was appropriately designed, although it was underpowered for comparisons of azacitidine with each of the individual comparators.
In the trial, a significant proportion of patients underwent subsequent active treatments, including those not currently offered in the NHS. This was a potential limitation of the study design for the purposes of informing NICE decision making because subsequent therapies were not balanced between treatment arms, which resulted in confounded estimates of the primary effectiveness outcome and other endpoints.
The clinical-effectiveness analysis conducted by Celgene was adjusted for subsequent treatment with azacitidine in the CCR arm. However, limited results of adjusting for subsequent treatments in the azacitidine arm were presented by the company, based on an incorrect interpretation of technical guidance on adjustment for treatment switching [21] . As a result of this misinterpretation, the main analyses was based on effectiveness estimates not adjusted for subsequent treatment in the azacitidine arm, which was an important limitation.
The ERG requested the individual patient data to perform the following analyses: (1) to replicate the OS analysis conducted by the company, including the IPCW adjustment for treatment switching in both arms with and without controlling for baseline covariates; (2) to test the proportional hazard assumption in the IPCW-adjusted OS analysis that formed the basis of the company's economic base case; and (3) to identify the best parametric survival function for the cost-effectiveness model. Unfortunately, data provided by the company allowed the ERG to replicate only the company's base-case analyses. Thus, statistical analyses of time-to-event outcomes relied on the proportional hazards assumption, which was not justified in the company's submission.
The distribution of patients over the individual CCR therapies, which was observed in the trial and used in the company's base case, appeared different to current practice in the NHS. The company acknowledged that, and performed a scenario analysis, using relevant data from a registry in Yorkshire. A detailed critique of clinical evidence submitted by the company can be found in the ERG's report [22] .
Cost-Effectiveness Evidence Provided by the Company
The company conducted a systematic literature review of the cost effectiveness of different treatment strategies for the target population of AML patients, which did not find any pre-existing studies addressing the decision problem. The company, therefore, submitted a de novo economic evaluation based on a partitioned survival model with four health states: ''Remission'', ''Non-remission'', ''Relapse/ Progressive disease'' and ''Death'' (Fig. 2) . The model starts after all patients have completed the induction cycle of either azacitidine or the CCR treatments. Those patients, who have responded to the treatment by the end of the induction cycle and have complete remission (CR) or complete remission with incomplete blood count recovery (CRi), enter the model in the ''Remission'' state; patients with partial remission or stable disease are placed in the ''Non-remission'' state. In the model, patients remain in the ''Remission'' and ''Non-remission'' states until disease relapse or progression, upon which they move to the ''Relapse/Progressive disease'' state. Transition to ''Death'' may occur from any state.
The model has two treatment arms: azacitidine and the CCR (composed of IC ? BSC, LDAC ? BSC and BSC only). In both arms, patients are assumed to receive the relevant first-line treatment followed by BSC (upon disease relapse or progression), or BSC only. The model cycle length of 4 weeks corresponds to one treatment cycle of azacitidine. The model time horizon is 10 years, which, according to the company, covers the remaining lifetime of most patients in the study population. The model perspective was the NHS and Personal Social Services. Costs and QALYs were discounted at 3.5 % per annum.
The proportion of patients in each health state was estimated using RFS, PFS and OS data from the AZA-AML-001 trial. Various parametric models were fitted to
Death

Remission
Relapse/ Progressive disease Non-remission Fig. 2 Model structure the data, and the model selection process proposed by the NICE Decision Support Unit [23] was followed, which resulted in the selection of an exponential model for OS, a Weibull model for RFS and a Gompertz model for PFS. The IPCW estimate of OS effect, which was selected for the company's base-case cost-effectiveness analysis, was obtained assuming proportional hazards. HR estimates were derived from analysis, adjusting for subsequent treatment with azacitidine in patients randomised to the CCR. OS in the azacitidine arm as well as EFS, RFS and PFS in both arms were not adjusted for subsequent treatment.
Health state utility values were estimated by mapping European Organisation for Research Treatment of Cancer QLQ-C30 data, collected in the AZA-AML-001, to EQ-5D utility values, and were independent of treatment. The impact of adverse events on HRQoL was accounted for by applying disutility weights to adverse events of grade 3 or 4 from the AZA-AML-001 [25] .
The model incorporated costs associated with AML treatment, management of TEAEs of severity grade 3 or above, transfusion costs, tests to monitor disease and care at the end of life. Treatment costs included drug acquisition, administration and dispensing for azacitidine and other drugs. Drug acquisition costs were estimated using the average daily dose in the AZA-AML-001 trial and list prices (British National Formulary [24] ), with a confidential Patient Access Scheme discount on the cost of azacitidine. In the base case, full wastage (i.e. no vial sharing across days or across patients) was assumed. Resource use for drug administration, medical management, diagnostic tests and transfusions were estimated from a questionnaire conducted by Celgene with seven clinicians, who were requested to provide estimates of these quantities according to disease stage (remission, non-remission and relapse/ progressive disease). The estimates of unit costs and the costs of TEAEs were based on the Personal Social Services Research Unit costs of health and social care [25] , and the NHS reference costs from 2013 to 2014 [26] .
In the company's base-case analysis, the ICER for azacitidine vs. the CCR was £20,648 per QALY gained. The largest cost components in the azacitidine and the CCR arms were drug acquisition and drug administration costs, respectively. In addition, two subgroups were modelled: patients with poor cytogenetics, and patients with MDSrelated changes. For these subgroups, analyses were conducted without adjustment for subsequent active treatment. The respective ICERs were £20,227 and £19,175 per QALY gained.
Sensitivity analyses were performed to explore uncertainty in the ICER, and identify parameters to which the model predictions were sensitive. Deterministic sensitivity analysis showed that the ICER was most sensitive to administration costs in the CCR arm, the HR for OS, the remission rates in the CCR arm, and the acquisition and administration costs in the azacitidine arm. In the probabilistic sensitivity analysis, beta distribution was used for response rate, health state utility values, utility values for adverse events and the incidence of adverse events; and gamma distribution for patients' weight and height, drug usage, the number of treatment cycles, and healthcare resource use. The mean ICER in this analysis was £17,423 per QALY. At willingness-to-pay of £20,000, £30,000 and £50,000 per QALY, azacitidine was cost effective, vs. the CCR, in 69.9, 90.8 and 99.6 % of iterations, respectively. Scenario analyses were also conducted to explore the impact of structural uncertainty on the estimates of cost effectiveness (see the company's submission for further details [3] ).
Critique of the Cost-Effectiveness Evidence and Interpretation
The ERG considered the economic evaluation, submitted by Celgene, from the perspective of the NICE reference case [15] . This section discusses the key issues identified by the ERG; further details are provided in the ERG's report [22] . The company's model assumed that no patients would receive active treatment following discontinuation of the study drug. However, in the AZA-AML-001 trial, about 30 % of study participants received active second-line treatment (Sect. 3.1). Therefore, the model assumption on the absence of subsequent treatment was inconsistent with the data. Clinical advice received by the ERG, confirmed that active second-line treatment is considered for some AML patients in the NHS.
OS in the azacitidine arm was not adjusted for subsequent active treatment. This resulted in an inconsistency between the modelled costs and health outcomes because only the costs of BSC following discontinuation of azacitidine treatment were modelled. The model assumed proportional hazards for OS. However, this assumption has no support in the trial data. The ERG believes that the treatment effects employed in Celgene's model may be biased because of the untested and implausible assumption of proportional hazards in the IPCW OS analysis that informed the company's base case. The ERG noted significant differences in healthcare costs associated with the ''Relapse/Progressive disease'' state in the azacitidine and the CCR arms, though patients in both arms are expected to receive BSC at this point.
Numerous issues were identified in the implementation of the model in Microsoft Excel. For details, see the ERG report [22] . In summary, they related to the formula used to calculate healthcare resource use and the extrapolation of outcomes. The most significant of those was an error in the modelling of the duration of first-line treatment, which resulted in underestimation of the drug acquisition and administration costs in both arms.
Additional Work Undertaken by the Evidence
Review Group
Survival Analyses
Individual-patient data, provided by Celgene on request from the ERG, allowed the latter to perform censor-atswitch analysis for subsequent AML therapy in both trial arms, as well as testing for the proportional hazards assumption in the survival data. A range of parametric curves including proportional hazard (exponential, Weibull, Gompertz, bathtub) and non-proportional hazard (lognormal and log-logistic) parametric models were fitted to OS data from each trial arm. For unadjusted analyses, according to the goodness-of-fit (Akaike information criterion and Bayesian information criterion) and survival model parameter test statistics, only the Gompertz model (consistent with PH assumption), fitted to OS data from the CCR arm, was supported by the data, while the exponential model was the best model fit to OS data in the azacitidine arm. As for models that adjusted for baseline covariates, the exponential model was the optimal model for both arms. The HR for the exponential model was 0.65 and had a predicted difference in OS of 3.64 months, in favour of azacitidine. The baseline covariates included in adjustment were those fixed covariates used in Celgene's IPCW analysis: age, sex, ECOG, cytogenetic risk, preselected CCR treatment, comorbidity group, AML days, platelet transfusion status and geographical region [22] . The ERG's preferred base-case analysis adopted the exponential OS HR estimates adjusted for baseline covariates. Because finding the optimal fitting functional form for RFS and PFS is highly uncertain owing to a very small number of cases of progression and relapse after initiation of subsequent treatment, the ERG adopted the KaplanMeier curves from AZA-AML-001 for these outcomes.
Notably, the adjusted censored-at-switch analysis, performed by the ERG to obtain estimates of OS effectiveness, was not extended to subgroup analysis to avoid overfitting owing to the small sample size. These estimates were based on the original (unadjusted) estimates of censor-at-switch exponential OS used by the company in their model. Further details are provided in the ERG's report [22] .
Cost-Effectiveness Analyses
The ERG identified and corrected model errors. The cumulative effect of those corrections was to increase the company's base-case ICER from £20,648 to £62,518 per QALY gained. After all amendments to the model, the ERG's preferred base-case ICER was £273,308 per QALY. The major drivers of the increase in the ICER were:
• a correction to assume the same treatment costs in the ''Relapse/Progressive disease'' state across treatment arms • calibration of the mean number of treatment cycles in the model to match those from the AZA-AML-001 trial • correction of model errors A detailed account of these changes is provided in Tables 5-6 (Online Resource).
The ERG performed sensitivity analyses for their preferred base case. Plausible variations of parameter values in the deterministic sensitivity analysis resulted in ICERs of above £200,000 per QALY (Fig. 3) . According to the results, the ICER is most sensitive to the administration costs of azacitidine.
The mean ICER of £277,123 per QALY was obtained in a probabilistic sensitivity analysis conducted by the ERG. At a willingness-to-pay of £100,000/QALY, the probability of azacitidine being cost effective was less than 5 % (Fig. 4) .
A number of additional analyses were carried out. Two scenarios explored the effect on the ICER of uncertainty in health resource use estimates obtained from the survey conducted by Celgene: an extreme scenario assuming no healthcare costs in the ''Relapse/Progressive disease'' state in both treatment arms; and another scenario with no inpatient hospitalisation costs, incurred in this disease state, which represented the main difference in costs between the azacitidine and the CCR arms.
The ERG also explored the effect of adopting Celgene's assumption on the costs of monitoring tests and transfusions. In Celgene's analyses, these costs were measured up to the end of treatment, while the ERG's base-case analysis included these costs for the whole duration of the ''Remission'' and ''Non-remission'' phases of the model as well as for the ''Relapse/Progressive disease'' phase.
The ERG also performed exploratory subgroup analyses by preselected CCR treatment and explored the effect on ICER of applying a patient distribution over individual CCRs, observed in the NHS. In all additional analyses conducted by the ERG, the ICER exceeded £30,000 per QALY gained.
End-of-Life Criteria
The company derived the estimated extension of life expectancy of 3.8 months, offered by azacitidine, from median OS estimates for azacitidine and CCR patients from the AZA-AML-001 trial. The ERG considered this estimate neither plausible nor robust. According to the ERG's analyses, based on the restricted mean survival at 30 months, treatment with azacitidine offers an extension to life of 1.8-2.5 months (further details are provided in Table 7 , Online Resource). The results suggest that azacitidine does not fulfil NICE's end-of-life criteria.
Conclusions of the Evidence Review Group Report
On the basis of the clinical evidence provided in the submission, azacitidine appeared to be more clinically effective than the combined comparator comprising AML treatments currently available in the NHS. The ERG could not obtain a robust estimate of cost effectiveness of azacitidine using the submitted version of the company's model, and had to make several corrections. After amendments to the model, azacitidine was not cost effective at a threshold of £30,000 per QALY gained.
Key Methodological Issues
Several methodological issues were highlighted during the appraisal. The most important of them was the approach used by Celgene for adjusting survival estimates for subsequent AML treatment. In Celgene's base-case analysis, OS adjustment for subsequent treatment was performed in Fig. 4 Cost-effectiveness acceptability curves from the ERG's preferred base-case probabilistic sensitivity analysis. CCR conventional care regimens, ERG Evidence Review Group, QALY qualityadjusted life-year. Source: the ERG's report [22] the CCR arm only. However, in the AZA-AML-001 trial, patients from both arms received second-line treatment (Sect. 3.1). The company justified this approach by citing methodological guidelines from the NICE DSU Technical Support Document 16 [21] .
The ERG believes that the company misinterpreted the guidelines, and, in the base-case analysis, overall survival estimates in both arms should have been adjusted for subsequent active treatment.
National Institute for Health and Care
Excellence Guidance
In March 2016, the NICE Appraisal Committee reviewed the data available on the clinical and cost effectiveness of azacitidine, having considered evidence on the nature of AML and the value placed on the benefits of azacitidine by people with the condition, those who represent them and clinical experts. The Committee took into consideration the effective use of NHS resources. Following further consultation, NICE issued its guidance on the use of azacitidine for AML: azacitidine was not recommended for AML with [30 % bone marrow blasts in people aged 65 years or older who are not eligible for HSCT. NICE published the Committee's decisions for this appraisal. Stakeholders were given the opportunity to appeal against the Committee's recommendations. NICE received no appeals, and the Final Guidance was published on 27 July, 2016.
Consideration of Clinical and Cost-Effectiveness Issues
This section discusses the key issues considered by the Appraisal Committee. The full list can be found in the Final Appraisal Determination [3] . The Committee expressed concerns about the company's decision problem in which the individual regimens were combined into the single conventional care regimen, CCR. It was noted that in work done for previous NICE appraisals, the NICE decision support unit advised against the use of such a 'blended' comparator. The Committee concluded that the relevant comparators for the appraisal were those specified in the NICE scope.
The Committee discussed the approaches used by the company to adjust for treatment switching. It noted that they were all susceptible to bias because they relied on the proportional hazards assumption, which the Committee did not consider appropriate. The Committee accepted the changes made by the ERG to use Kaplan-Meier curves rather than fitting curves that assumed proportional hazards.
The Committee discussed the approaches employed by the company and the ERG for modelling costs in the ''Relapsed/Progressive disease'' state. The methodology used by the company meant that in this health state, different resource use estimates were applied to the azacitidine and the CCR groups despite the fact that patients from both groups were treated with best supportive care. The Committee concluded that the assumption of the same cost of ''Relapse/Progressive disease'' state in both arms, employed by the ERG, was justified. However, the Committee noted that the ERG had equalised the cost to the higher estimate of resource use, and that taking the average of the resource use estimates across all groups might have been more reasonable.
The Committee considered the modelling of the number of treatment cycles. It heard from the ERG that treatment duration in Celgene's model was inconsistent with the AZA-AML-001 trial. The Committee agreed with the ERG that the number of treatment cycles in the model should reflect AZA-AML-001.
The Committee discussed the implementation errors in the company model identified by the ERG. The company agreed with all error corrections made by the ERG. The Appraisal Committee accepted all the amendments proposed by the ERG and concluded that the base-case ICER in the company's model was £63,000 per QALY gained.
The Committee accepted the ERG's restricted mean overall survival estimate of 2.5 months and concluded that azacitidine was unlikely to meet the criteria to be considered a life-extending end-of-life treatment.
Conclusions
On the basis of the evidence submitted by the company, the ERG concluded that azacitidine was not cost effective at the NICE's threshold range of £20,000-30,000 per QALY for treating AML with more than 30 % bone marrow blasts in people aged 65 years or older who are not eligible for HSCT. After considering the analyses conducted by the ERG and submissions from clinician and patient experts, the NICE Appraisal Committee did not recommend azacitidine for this indication.
further information [27] . The summary of the ERG's report was compiled after NICE issued the Final Appraisal Determination. This report presents independent research commissioned by the NIHR. The views and opinions expressed by authors in this publication are those of the authors and do not necessarily reflect those of the NHS, the NIHR, MRC, CCF, NETSCC, the NIHR HTA Programme or the Department of Health.
